The Environmental Kuznets Curve hypothesis examines how economic development can improve environmental outcomes (called Ecological Modernisation Theory) or it can cause worse outcomes (called Treadmill of Production Theory). This paper examines Bhutan which has committed policies for increased happiness and wealth while remaining carbon neutral. The difference is being tested by regression analysis of how economic growth varies with the environmental intensity of well being (EIWB). The regression analysis shows that the case of Bhutan can be explained in terms of the Treadmill of Production Theory based on economic and wellbeing growth harming the environment, however, it is simply too early in the EKC. The data also show that population growth helps resolve the nexus which works more in the Ecological Modernisation Theory perspective and supports the need to continue urbanization to resolve these issues. Rather than just simply waiting for economic growth to turn around the EKC, Bhutan should take direct action to maintain its carbon neutral goal and its happiness goal and thus continue to provide a model for the sustainable development discourse in general. Highlights: 1) The concept of the environmental intensity of human well being (EIWB) was used to examine the two dominant environmental impact theories: Treadmill of Production Theory (TPT) under the IPAT hypothesis and Ecological Modernisation Theory (EMT) for Bhutan under the framework of the EKC hypothesis. 2) The nexus between economic growth and EIWB leans towards TPT, but it is still too early to see EKC though decoupling has begun and is likely to lead to EMT. 3) The nexus between population and EIWB leans towards EMT. 4) The need for intervention on social and environmental issues within a modified economic growth trajectory remains the core finding of how sustainable development can be achieved.
Introduction
In the era of the Sustainable Development Goals (SDG's) and the Paris Agreement on Climate Change, the world is struggling to find how to resolve the nexus between the need for economic growth and human happiness to be enhanced while living within environmental limits such as climate change. Three approaches to these issues are common in the past whether commentators come from three disciplinary bases: an economist's perspective where economic growth is always optimised [1] [2] [3] [4] , an environmental scientist's perspective where environmental outcomes are always optimised [5] [6] , and a human wellbeing perspective where that is always optimised [7] [8] [9] .
Despite the sustainable development discourse which tries to integrate all three, there is a strong reaction in the literature that keeps these three strands separate with little attempt to resolve how they can be integrated. The gap between these approaches seems to be widening; for example, a special volume on "Absolute Reductions" in the Journal of Cleaner Production [10] emphasised the need for a radical socio-technical transformation that can bring material, energy and emissions within ecological limits. In order to do this, economic activities were seen to be at the heart of the problem as consumption drives all the problems and this is increased by economic growth [11] [12] . This is the degrowth movement and below this is expanded to show it is being described as the Treadmill of Production Theory.
The alternative approach to economic growth suggests that economic growth can also (eventually) be the driver of changes that lead to decreases in the flow of energy and emissions through technology that becomes more affordable and more politically acceptable as development occurs [13] [14] [15] . The tool used to describe this approach is the Environmental Kuznets Curve (EKC) hypothesis. This tool is widely used to help explain economic-environmental trade-offs, some studies supporting it while others contrasting it and some others finding mixed results (see Section 2) . The EKC will be developed further below as the basis of the Ecological Modernization Theory. This literature does not include social issues in the triple bottom line nexus but now there is an emerging research strand that tests the EKC by investigating the nexus between economic growth and the environmental intensity of human well being (EIWB) [16] [17] or carbon intensity of human well being (CIWB) [18] [19] .
This study follows the emerging research strand by applying it to Bhutan. Using a regression analysis, the paper attempts to examine the case of Bhutan to see if the nexus between these three factors can be resolved and shed light on how an emerging nation may need to address the overlap behind these issues. Bhutan has pledged to remain carbon neutral while it pursues its famous Gross National Happiness (GNH) strategy for a more holistic development outcome whilst growing economically to be a middle range income country [20] [21] . The case of Bhutan has potential to shed further light on this complex nexus because it has clear positions on all three areas of happiness (GNH), environment (carbon neutrality) and wealth (GDP).
Bhutan's three goals are quite clearly specified: 1) Happiness, as defined by the Bhutan GNH, is about maintaining a symbiotic relation with nature and balancing material and non-material components of human well being; this is committed by Bhutan to be continually growing [20] [22].
2) Bhutan has pledged to remain carbon neutral in perpetuity which is to have net zero carbon emissions [23] .
3) Bhutan wants as well to be a middle income country by 2023 whilst pursuing its GNH strategy.
This suggests that the goals of Bhutan are complex and challenging-requiring the integration of socio-economic and environmental dimensions which are at the heart of Bhutan's GNH development philosophy and is increasingly associated with Sustainable Development [24] [25] [26] . However, until now no empirical studies exist for in-depth Bhutan-specific studies on the nexus between economic growth, human well being and environmental pollution, though a possibility of research on linking subjective well being and ecological footprint has been mentioned [27] . Some studies [28] [29] have included Bhutan in their cross-national level research on issues to do with development and footprint.
Thus, this paper attempts to fill this gap on Bhutan by using the concept of environmental intensity of human well being (EIWB) [16] [30] [31] to understand using data the various different conjectures about the nexus between happiness, wealth and the environment. It is hoped that the detailed study of an emerging nation can help the rather conflicted debates that are occurring about these three factors. This will have implications on the contested sustainability discourse especially in light of the Paris Agreement and the United Nations Sustainable Development Goals (SDG) for other emerging nations.
Environment and Economic Growth Theories
In the era of the SDGs and the Paris Agreement, the level of GHG emissions is a key environmental issue, which is perhaps the greatest environmental issue being faced by humanity in the 21 st century. However, there are two strongly divergent theories about how to explain the relationship: Ecological Modernisation Theory which is based on a strongly positive acceptance of GDP-based economic growth as helping resolve issues of wealth and the environment and Treadmill of Production Theory which sees GDP-based economic growth as fundamentally causing environmental issues through its link to the IPAT formula.
Ecological Modernisation Theory
Ecological Modernisation Theory (EMT) has been using mainstream economic development theory to include how and when environmental factors are brought [32] and the central tenet is to explore institutional reforms and technological advancement to mitigate ecological crises of modernity [33] [34] . EMT uses the Environmental Kuznets Curve (EKC) as the main tool to explain the evolving relationship between environmental quality and the economic development for a country or countries. The EKC tool was first developed by Panayotou [35] . The EKC suggests that an inverted U-shaped curve best explains how economic growth relates to the environment with a certain minimum in growth being required before environmental outcomes start to peak and then decline [35] [36] .
The EKC literature has been growing dramatically [37] [38] suggesting the importance of and the interest to understand the environmental impact of economic development with which the world is still grappling.
Studies to test EKC theory were analysed using regression analysis on time series and cross-sectional data. For instance, Song et al. [39] used an Ordinary Least Square estimation for a cubic log-log model to assess EKC in the provinces of China between GDP per capita and the three environmental degradation parameters of waste water, solid waste and waste gas and found the EKC could explain all three. Similarly, Riti et al. [40] also found evidence of EKC for CO 2 emissions and economic growth in China using various regression techniques.
Al-mulali et al. [41] conducted multi-variant regression to examine EKC in 93 countries using ecological footprint as environmental variable and showed that the EKC holds for high incomes countries but not for low income countries.
Similarly EKC was found for 10 Middle East and North African countries [42] and for a group of 132 countries [43] . EKC was also confirmed by using ecological footprint in place of carbon emissions as the environmental impact parameter [44] . Other studies have demonstrated six different relationships besides the inverted U-shaped curve between economic growth and environmental pollution [45] . Pérez-Suárez and López-Menéndez [28] examined the EKC puzzle and the forecasting ability of the EKC equation for 175 countries (including Bhutan). They added a third degree polynomial term of GDP per capita to extend the existing EKC equation and they found different patterns of EKC, while that for Bhutan along with other 10 countries were classified under "other cubic pattern" of EKC, a pattern other than the typical U-shaped, inverted U-shaped, N-shaped, or inverted N-shaped curves. The present study will explore whether Bhutan exhibits this pattern when examining the nexus between CIWB and economic growth.
The EKC has been used to support the need for economic growth in emerging nations as the basis not just of poverty reduction but also environmental improvement, especially if it is connected to urbanization [46] . The evidence from Asia is very supportive of this, particularly China and has been used to generate support for such urbanization-related economic growth. The Asian Development Bank [47] has shown that Asian countries are significantly earlier in their inverted U-shaped curve and this can be attributed mostly to faster and denser D. Yangka, P. Newman DOI: 10.4236/me.2019.108120 1855 Modern Economy urbanisation; in later years Asia also has higher levels of renewable energy. Similarly, Jamel and Derbali [48] have shown that urbanisation in selected Asian countries had a statistically significant negative relation to carbon emissions.
Zhang et al. [49] found that the EKC could be established between urbanisation and carbon emissions for 141 countries; this was attributed to urban agglomeration economies that improve the economy and environmental outcomes through economies of scale and density. Similarly, Lin et al. [50] have shown that economic growth in non-high income countries will decrease carbon emissions and even accelerating urbanisation will lead to just small increases in carbon emissions. Wang et al. [51] have shown that urbanisation, income and energy efficiency can allow China and India to pursue economic development without growth in emissions.
Treadmill of Production Theory (TPT)
The TPT was first proposed by Schnaiberg in 1980 [52] , based on political economy whereby a capitalistic system becomes like a treadmill creating social and environmental impacts without integrating ways to deal with such issues. Thus, TPT calls for fundamental changes to the economic system rather than just reform and mostly people in this tradition see GDP as a short hand for capitalism [53] . The TPT also now incorporates a more biological approach developed by a number of scientists pioneered by Ehrlich and Holdren (1992) ; they began to try and explain environmental impact using the formula I = PAT. This is a combination of Population, Affluence measured as GDP per capita and Technology measured as impact per unit of GDP. GDP is used in this approach to be short for consumption. Quantitative discussions in this approach have been used to show that global impact is likely to continue to increase as long as population and GDP continue to grow [54] [55] . This has been criticised as not understanding that GDP covers much more than consumption, not being able to distinguish the multiple interactions between PAT, not including social change or political change as factors in environmental impact and not doing justice to spatial factors and agglomeration economies as in the EKC and the EMT approach [56] [57] [58] . The EMT suggests that rising economic opportunities will enhance technological advancement and their combination leads to reduced environmental impact once a certain minimum economic growth level is reached. The TPT, however, suggests that economic growth and technological advancement inevitably accelerate resource consumption-the treadmill-leading to further environmental degradation. The two theories are said to be opposing and orthogonal to each other [59] .
Research Supporting EMT or TPT or Both
Research on the effect of population on carbon emissions found it was not simply population but was dependent on household size and age structure [60] ; others have found more than a proportional impact of population on carbon emissions [55] [61], though Dietz and Rosa [61] found that carbon emissions tended to decline at a per capita GDP of US $10,000 as would fit with the EKC approach and thus EMT. At national level, Zhang et al. [62] interpreted EMT for china and its relevance to the rapid socio-economic growth experienced by China in the past decade. At a household level, modest support for EMT was found but strong support for TPT was observed also [63] . For Bhutan, it was found that income and education can lead to choosing cleaner energy [64] , which in turn can reduce emissions. This supports EMT especially from consumer behaviour and technological choices, though the study was not analysed under the EMT and TPT perspectives. Renewable energy sources make up cleaner forms of energy and it was found to suit the logics of EMT [65] .
At the microeconomic level such as business and firms, the Porter hypothesis
[66] [67] argues that environmental regulation can trigger technological innovation to reduce impact; this approach has led to the phenomenon of decoupling.
The decoupling agenda and green growth are closely associated with Ecological Modernisation Theory. Szigeti et al. [68] found decoupling between ecological footprint and GDP in 90% of the 131 countries examined. Evidence of economic growth decoupling from greenhouse gas emissions were observed globally [13] [69]. However, Ewing [70] and Jackson [11] argue that green growth postulated by EMT should be rejected as a way to restore environmental degradation evident from climate change and biodiversity loss due to rebound effects.
York et al. [29] employed an Ordinary Least Square analysis under the STIRPAT framework (a flexible version of IPAT), and found a positive effect of both population and economic growth on environmental degradation-supporting TPT and contradicting the expectations of the EMT. They also provided data on the eco-efficiency for 142 nations ranging between 2.76 to 0.52 with smaller values being more efficient and that for Bhutan was reported as 0.75. Similarly, Dietz and Rosa [61] reported the technology multiplier for 111 nations ranging between 0.24 to 5.75 and that for Bhutan as 0.47, the smaller value indicating a more environmentally benign socio-economic system. Jorgenson and Clark [71] also found a positive effect of economic growth and population on total carbon emissions and per capita carbon emissions in their cross-national study of 86 countries. Interestingly, they found relative decoupling between economic growth and total carbon emissions but no relative decoupling was observed between economic growth and per capita carbon emissions. Thus, partly supporting both EMT and TPT. This suggests that the unit of measurement can affect the analysis and thereby the outcome of the analysis.
The analyses so far have all been about the nexus between economic growth and environmental outcomes. Now there is an emerging research strand that has applied the EKC hypothesis to incorporate variables that can capture human well being. These are discussed in the next section.
Environment, Economic Growth and Wellbeing
Applying a regression analysis for cross-sectional data for 107 countries, Jorgenson [49] .
The question in this paper is therefore whether the EKC theories of EMT and TPT can explain the empirical relation for Bhutan that has a clear policy for the three dimensions of sustainability highlighted in Section 1.
Method
In line with the existing literature, a multivariate regression technique is used to investigate the relationship between human well being, environmental impact and economic growth, arguably capturing the three dimensions of Sustainability.
The regression analysis is conducted using EViews, a sophisticated econometrics tool developed with emphasis on time series analysis [74] [75] . This paper used the method deployed by York et al. [29] , which was based on the STIRPAT framework, a stochastic version of the IPAT formulation. Robust least square MM estimation 1 was also used since there were data outliers. The MM estimation was first used by Yohai in 1987 [76] . The MM estimation and the Robust Efficient Weighted Least Square (REWLS) were found to outperform other robust estimation methods [76] .
Considering the carbon neutral policy of Bhutan, the present study specifically uses the carbon intensity of human well being (CIWB) in place of the generic EIWB. The CIWB is the ratio between CO 2 eq per capita (denoted as CO 2 pc) and 
The Choice of Variables

The Regression Model
The method based on the STIRPAT framework used in earlier studies [29] [77]
[79] was employed to formulate a functional form specified in Equation (1).
STIRPAT is flexible and it is being used for hypothesis testing and also the elasticity between the variables can take any value-not restricted to unity as in the IPAT.
( ) ( ) ( ) 
where, CIWB is the ratio variable between CO 2 pc and LE adjusted for coefficient of variation to reduce the dominance of one variable driving the ratio [72] [73] .
C is the intercept. lnGDPpc is the per capita GDP in natural logarithmic form and the polynomial terms of GDPpc are centred by subtracting the mean of lnGDPpc to reduce collinearity [16] [18] [29] . It is also logical to add the lag term of the dependent variable as one of the regressors in a time series data analysis-lnCIWB(−1) for the present study. POP is the population and ε is the error term that captures those unobserved explanatory variables. Finally, β 1 to β 5 are the coefficients of the corresponding explanatory variables that are of primary interest in this study, which are to be estimated by regressing Equation (1) using EViews.
On regressing Equation (1) it was found to have serial correlation and very high variance inflation factor (VIF) and also the linear term and the quadratic term of the GDPpc were found to be less significant than the cubic term despite 
Small models with fewer parameters were preferred over large models to reduce parameter uncertainty [80] . Between 2) and 3), we chose model 3) which scores relatively better in most of the model selection criteria. It has higher adjusted R 2 and lower Akaike info criterion (AIC), Hannan-Quinn criteria (HC); lower VIFs, and lower SE of regression and standard error for the estimated coefficients. In Equation (3), the quadratic-and the cubic-term were jointly significant at 5% significance level as per Wald test though the quadratic GDPpc was significant at 25% significance level only. The joint significance is important here as argued by Brown and McDonough [81] . Moreover, this is within the significance level up to 25% argued by Agung [80] for cases where a theoretically important variable became statistically insignificant. Furthermore, statistical analysis is considered partly a science and partly an art [82] requiring trial and error methods. In keeping with this, interpretation of the results in the next section requires caution and it is valid within the data set used in this study.
Statistical Tests
For regression analysis, stationarity of data is essential to avoid any spurious regression. In this study, any presence of unit root for all the variables were tested by using the Augmented Dickey Fuller unit root test and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) stationarity test. They were found to be non-stationary at levels but stationary in first difference. However, if the residual from their regression is stationary, then their combination can be considered stationary [81] [82] [83] . This condition was fulfilled in this study-that is the regression results were not spurious.
Statistical tests were conducted on Equation (3). The VIFs were below 16 [84] and it is not reasonable to remove variables just to improve the VIF [82] . The tests for the presence of serial correlation and heteroskedasticity were conducted using the Breusch-Godfrey (BG) LM test and Breusch-Pagan-Godfrey (BPG) test respectively [75] [85] . The p-values failed to reject the null hypothesis of no serial correlation and homoskedasticity. The robustness of Equation (3) was also checked through a robust least squares MM estimation confirming the signs of the explanatory variables with small differences for the values of the estimated coefficients and their associated standard errors.
Results and Discussions
The estimated equation is provided in Equation (4) The regression result is shown in Table 1 .
The estimated equation illustrates that the relation between the CIWB and GDPpc are positive and curvilinear and that with population is negative. The relationship between CIWB and GDPpc is shown in Figure 1 .
The pattern shown by Figure 1 appears to concur with the 'other cubic pattern' observed in earlier study [28] considering that the cubic GDPpc term in Equation (4) is highly significant. Equation (4) suggests that Bhutan is both supporting the TPT (the GDP result) and the EMT (the population result).
These findings are elaborated in the following sections.
Discussion on the GDP Result
The result of GDPpc causing greater carbon intensity per unit of well being suggests that GDP is not (yet) helping with the social and environmental issues associated with development in Bhutan as outlined in the TPT. The coefficient of the quadratic GDPpc was comparable with that reported in a cross national data [29] . Thus GNH or at least the existing socio-economic pattern appears to be leading to greater carbon intensity in Bhutan because enhancing human well being follows a significantly positive and curvilinear relationship with economic growth. And the economic growth has not yet reached a level where the EKC curve would suggest that economic growth will start to reduce carbon intensity.
Thus, at this juncture in Bhutan's growth trajectory, the current per capita GDP for Bhutan is far below the various threshold levels reported in the literature suggested before the EKC turns around on the inverted U curve and begins to decline 2 . The way ahead for Bhutan which is seeking to resolve the three factors of wealth, happiness and the environment, is therefore quite complex.
The evidence from Bhutan is that the transition to reduced carbon intensity of well being is not yet under way. In other words, the result supports the Treadmill of Production Theory. The result reflects the transitioning of the Bhutanese economy from agriculture-based economy to manufacturing and industrial-based economy [86] [87] . The latter being more polluting than the former.
To avoid environmental degradation in the early stage of development, Panayotou [35] suggests that environmental protection should be an integral part of development plans especially in developing countries. For Bhutan with its GNH strategy this had always been the objective and it cannot be stressed more especially now with its carbon neutral pledge that Bhutan will need to bend the emission curve before other nations have managed to do this. 2 The average threshold value was found to be United States Dollar (US$) 8910 as per the meta-analysis conducted by [ Prob(F-statistic) 0.000000 Figure 1 . CIWB plotted against GDP/capita.
One way to examine if the EKC is perhaps beginning in a developing country is to examine if relative decoupling of wealth and environmental impact has begun. Developing countries with low GDP have been found to exhibit relative decoupling [88] . Bhutan's GDP seems to exhibit a relative decoupling from CO 2 eq emissions as shown in Figure 2 , although this was not the case for carbon intensity of well being. This suggests that there is a need to enhance life expectancy (the denominator of the CIWB) considering that the LE ranges from 45 years in 1980 to just 68 years in 2012. Moreover, Bhutan is still in its early stages of socio-economic development thus struggling to enhance liveability conditions for its citizenry. This calls for greening Bhutan's socio-economic activities in line with the aspiration of GNH and carbon neutral emphasised in their 12 th five-year plan [89] and their economic development policy [90] [91] . The need to further green growth in Bhutan was also emphasised by the World Bank [92] . It can be expected that economic growth in middle-income countries will decrease carbon emissions [50] but it needs action sooner to be consistent with its global commitments to happiness and carbon neutrality.
Discussion of the Population Result
If the TPT approach had been the dominant story with Bhutan then the coefficient of population being negative in Equation (4) would not have been predicted. The result suggests that growing population will help carbon intensity per unit of well being. This finding may seem spurious to the IPAT identity that considers population as the main driver of environmental degradation [5] [29] [61] . Furthermore, the finding contradicts the adverse environmental impact of population growth speculated in the national strategy of Bhutan [93] . One way to explain this in the TPT model is to suggest that it is consumption (GDP) that is over-riding the population factor as Toth and Szigeti [94] found in their studies. However, it is also possible to see within the EMT approach that population growth, if it is in cities, can be an important factor in more rapidly leading to the EKC turn-around that would help Bhutan achieve its multiple goals. Lamb et al. [79] found this to be the case for population growth in their global study, and for the case of China by Zheng et al. [95] and Meng and Huang [96] . The plausibility of this is that in Bhutan farming and agriculture activities, which are concentrated in rural areas, are the major contributors of CO 2 eq emissions for the time Bhutan expects its urbanisation rate to increase from 10% to 51% in just 55 years compared to 95 years for Asia and 150 years for Europe [47] . This trend can be a positive phenomenon as Bhutan aspires to be a knowledge-based society [91] while also sustaining its carbon neutral goal. Wang [102] argues that rather than 
Conclusions
Using established econometric techniques, this study has attempted to interlink the relationships between the carbon intensity of human wellbeing and economic growth as a way of resolving how Bhutan is managing to balance happiness, environment and economic growth. It examined the two main approaches that are being used to explain these interactions: Ecological Modernisation Theory based on the Environmental Kuznets Curve, and Treadmill of Production Theory with its basis on the IPAT model. This study has used a 33-year set of data on Bhutan and through vigorous analysis of the time series data on some of the key variables, it has been able to show the following key conclusions.
1) The case of Bhutan appears to support the Treadmill of Production Theory against the Ecological Modernisation Theory as it is showing that GDP is causing the carbon intensity per unit of wellbeing to get worse. However, this is relatively easy to explain in terms of Ecological Modernisation Theory also as it is simply too early in the EKC curve to begin showing the potential reduction in carbon intensity found in more developed places, when examining the nexus between economic growth, human wellbeing and carbon emissions.
2) While the relationship between CIWB and GDP per capita is curvilinear, the relationship between GDP and carbon emissions does not appear to be in lockstep and it seems that relative decoupling is underway. However, there is not yet sufficient economic development for the wellbeing and environmental factors to be more optimised.
3) The case of Bhutan supports the Ecological Modernisation Theory when it examines population growth in that there is a statistically significant negative relation between population and carbon intensity of human wellbeing. It supports the theory of how the EKC turns around after some economic development because it is associated with population growth in cities rather than rural areas and Bhutan is showing all these characteristics.
4)
Although Bhutan is still in its early stage of development and aspires to be a middle-income country, it has already pledged to grow in wellbeing and maintain its carbon neutrality. These can only be achieved by decoupling them from the growth in wealth through modifying economic growth to include energy efficiency and decarbonisation policies as well as continuing the commitment to GNH to enable growth in well being.
This research therefore formally places the case of Bhutan into the burgeoning literature on the Environmental Kuznets Curve proposition especially through the lens of the "environmental intensity of human well-being". It suggests that its current growth trajectory is likely to turn around carbon intensity per unit of wellbeing as it moves more towards being a middle-income country. However, it
should not wait to intervene on matters concerning the modification of economic growth in order to ensure its commitments to GNH and carbon neutrality are maintained. While this study is the first of its kind for Bhutan, it shows a promising line of research that may further inquire into the socio-technical structure of the Bhutanese economy that can complement the quantitative analysis undertaken in this study and provide a more nuanced picture of how it can balance the three goals. Similarly, other emerging nations that are yet to reach the top of the inverted U-shaped EKC may also seek direct ways to deal with social and environmental issues whilst maintaining their economic growth.
Thus by Bhutan maintaining its carbon neutral goal and its happiness goal along with its economic goal, it is likely to continue to provide a model for the sustainable development discourse in general.
